Abstract-It is common to use the shuttle tanker to transport the oil in the marginal oilfield development. However, a reused shuttle tanker needs to reappraise its mooring safety. For certain water depth, after considering the various directions of wind and wave, a comprehensive analysis should be done on the mooring force of the shuttle tanker mooring system. We use different seed value waves and quasi dynamic analysis method to determine the shuttle tanker limit operating condition by changing the environmental parameter. The result shows that when the included angle of the horizontal projection of two chains and the direction of tanker length is 30 °, the mooring force of the mooring system is smaller than when it is 60 °. At the same time, in the case of 11.8 meters depth and 1.74 meters wave height, the tanker is unable to meet the requirements of safety operation. After step by step analysis, tanker mooring system can guarantee the safe operation when the wave height is no more than 0.6 meters, so as to accord with the safety operation condition.
I. INTRODUCTION
With the rapid development of oil economy, the oil exploitation also shows diversify characteristics. Offshore oil field is becoming an important part of China's oil strategy [1] , which includes a large number of marginal oilfield oil reserves. We often use the offshore pipeline transportation in marginal oilfield. However, when the oil reserve is low or it is too far from the shore, or simply its production period is short, the original oil transportation is uneconomical. In these cases we often use the shuttle tanker as replacement [2] , [3] . Due to the different marginal oil field's location, we need to recalculate the operational safety of shuttle tanker every time.
Shuttle tanker uses the mooring line moor to the cylindrical foundation of the mooring platform, and uses mooring chain to moor the bow to the bottom of the sea. Under the influence of wind, wave and flow, the oil tanker will have different motion responses. So we can see the constraint of mooring system is very important. Insufficient mooring force will lead to chain breakage and accidents, and excessive oil tanker movement will lead to platform collision [4] . This paper analyzes the mooring force and the surge motion of a shuttle tanker ship operating in defferent sea areas with the certain water depth and different environmental conditions. The analysis uses the three dimensional potential flow theory and the quasi dynamic method, [5] , [6] , so as to determine its limit operating condition. 
II. CALCULATION PARAMETERS

A. Mooring System Parameter(According to
B. Operating Condition Parameter
The steady wind speed and flow velocity were adopted and JONSWAP spectrum (γ = 1.0) was chosen for the wave spectrum. 20 different wave seeds were selected and the quasi-dynamic method was used for statistical calculation [7] .
According to BV NR493, the mooring analysis considered the wave in full circumference direction, i.e. 360°. The circumference direction is shown in Fig.  2 .Considering the symmetry of the mooring system, the range of 0-180° was considered, which was divided into 9 directions with 22.5° for each interval. At the same time, different combinations of wind, wave and flow include:
(1) Wind, flow and wave are in the same direction; (2) Wind is in the same direction as wave, while flow and wave form an angle of ±22.5°; (3) Flow is in the same direction as wave, while wind and wave form an angle of ±22.5°; (4) Wind and flow cross with wave on both sides of the wave, and form an angle of ± 22.5° with wave respectively [8] , [9] . There are a total of 45 direction combinations. Windwave-flow combinations in full circumference direction can effectively determine the worst operating condition of the tanker in all circumstances, so as to avoid the occurrence of irreversible accidents. Environment parameter of the operating condition is expressed as Table Ш. Operating condition 1 is a harsh environmental condition for the tanker, and the operating conditions 2 to 4 are successively adopted conditions according to calculation.
C. The Wind Force Coefficient and Flow Force Coefficient 1) The wind force coefficient
The wind force coefficients for mooring analysis is based on OCIMF code.The curve of the wind force coefficients on the full load condition see Fig. 3 . 2) The flow force coefficient The flow force coefficient s for mooring analysis is based on OCIMF code. The curve of the flow force coefficients on the full load condition see Fig. 4 . 
III. MOORING ANALYSIS
A. Mooring Method
ARIANE was used to analyze the mooring system, and the module can analyze the stress state of the mooring rope after the hull and mooring were coupled, and then compare the tension of mooring system with break tension to verify the safety of the mooring system. Based on the quasidynamic method, ARIANE obtained the low-frequency response of the hull with the numerical method in the time domain. After the numerical integration of all the time series, the low-frequency response is superimposed with wave motion and then the transient tension was obtained through the tension-deformation curve (anchor chain characteristics). The mooring system model is shown in Fig. 5 and Fig. 6 . 
B. Calculation Results
1) Results analysis of operating condition 1
The results are shown in Table IV Table IV shows that the maximum tension is greater than 1200kN, the break tension of anchor chain is 812kN, and according to BV NR493, the safety factor is 1.67, so the maximum allowable anchor chain tension is 486kN. Therefore, the anchor chain tension is much greater than the allowable value and cannot guarantee its safe operation.
Because of the space limitations, we only take the wind, wave and flow in the same direction as an example, and the result is shown in Table V: the maximum anchor tension appears in the beam sea direction, mainly due to the large tension of gull in beam sea and cross flow. As can be seen from Table V, in the situation of beam sea and cross flow, the tension of anchor chain is greater than its breaking load; in this case, the tanker mooring system cannot guarantee its safe operation, but the mooring rope does not reach the maximum allowable tension, therefore, the analysis only considers the chain tension.
2) Results analysis of operating condition 2 It can be seen from Table VI that the maximum tension is greater than 750kN, at this time, although the anchor chain does not break, it fails to meet the safety requirements of the specification, so the design chain tension is greater than the allowable value of the specification.
3) Results analysis of operating condition 3
It can be seen from the calculation results of the operating conditions 1 and 2 that, under the same environmental parameters, layout I is better than layout II, and so layout I is preferred. For operating condition 3, the maximum surge and maximum tension for layout I are shown in Table VII: It can be seen from Table VII, the maximum tension is 536kN, greater than the allowable stress of 486kN, so the environmental parameters still cannot meet the safety requirements. It can be seen from Table VII , the maximum tension is 343kN, smaller than the allowable stress of 486kN, so the environmental parameters meet the safety requirements.
4) Results analysis of operating condition 4
C. Results Analysis
Through the calculation of the four operating conditions, it can be seen that only layout I meets the safety requirements in the environmental parameters of operating condition 4, while other conditions cannot guarantee safe operation.
Through the tension analysis of anchor chain and the mooring rope, the characteristics of a single anchor chain are only related to the properties of anchor chain itself (axial stiffness, weight), water depth, horizontal span, and pretension. The current horizontal span of anchor chain is 200m, and the water depth is 11.8m. The catenary shape of anchor chain is showed Assuming pre-tension is 81.2kN, the catenary is shown in Fig. 7 . The relationship between the axial force and the horizontal span is shown in Fig. 5 . Because of the shallow water depth, the forepart of anchor chain, which is about 200m away, has almost no contribution to the rigidity of the mooring system; the rigidity of rear section increases sharply; when the horizontal span increases from 200m to 202m, the chain tension increases from 80kN to break force of 812kN, resulting in the excessive rigidity in the entire mooring system, and the anchor chain tension increases dramatically where it is close to the ship-side. The rigidity of the mooring rope is much smaller than that of the anchor chain, when it reaches the break force, its affordable deformation is much greater than that of anchor chain.
IV. CONCLUSION 1) From the comparison of two kinds of mooring layout, it can be seen that layout I is better than layout II, and layout I can withstand more environmental load. 2) The tanker and the mooring system can operate safely under the environmental conditions with the wave of no more than 0.6m high.
3) The mooring system can be safely used under restricted operating conditions, which has opened up a new model of oil tanker system in the output of crude oil on platform, but it is affected by environment and should strictly limit the operation window during the actual use.
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